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A Study on the Three-Dimensional Turbulent Flow Characteristics of
a Small-sized Axial Fan at the Maximum Flowrate Region
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Abstract : This study represents three-dimensional turbulent flow characteristics around an axial
fan measured at the operating point ¢ =0.32, which is equivalent to the maximum flowrate region,
by using three-dimensional fiber-optic type LDA system. This LDA system is composed of a 5 W
Argon-ion laser, two optics in back-scatter mode, three BSA’s, a PC, and a three-dimensional
automatic traversing system. A kind of paraffin fog is used for laser particles in this study. Mean
velocity profiles around an axial fan along the downstream radial distance show that the streamwise
and the tangential components exist as a predominant velocity and have the maximum value at the
radial distance ratio 0.8, while the radial component has a small scale distribution and its flow
direction is inward except a part of blade tip. The turbulent intensity profiles show that the radial
component exists the most greatly. And also the turbulent kinetic energy shows about 60% as a
maximum value at the radial distance ratio 0.9. Moreover, the Reynolds shear stresses do not exist
at upstream flow, but the streamwise and the radial components of them show about 20% as a
maximum value at the radial distance ratio 0.9 at downstream flow.
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Table 1 Specification of a small-sized axial fan
for refrigerator

Item Specification
Outer diameter, D» 110
Hub diameter, Du 25
Orifice diameter, Do 1166
Blade number, Zy 4
Blade thickness, Ty 2
Blade curvature radius, R 109
Chord length at tip, Lt 736
Chord length at hub, Ly 14.54
Blade aspect ratio, B/L 0.4076
Camber ratio at tip, C/Lt 0.08
Solidity at tip, (L/ty)r 0.8519
Solidity at hub, (L/ty)u 0.7408
Blade attachment angle, 6 24
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Table 2 The components of 3-dimensional LDA

system
Item Spec.& Model | Maker
Power 5 Watts Coh
Laser Source Ar-ion, 90-5 I(r)mf)rs:t
Chiller Water, Pure20
Interference Filter 314‘3/?]83 4765
Beam Expander 198, 55X12
1-D. Probe 085, 60X80
3-D. Fiber 2-D. Probe 085, 60X81
Optic Transmission
System | Fiber Manipulator | Efficiency>95%,
60X24 Dantec,
PM Section 57X08+3 Co.
Color Separator 5HX35
Transmitter 60X4l1
3-D. Burst BSAI 97N20
Spectrum BSA2 & BSA3 57TN30
Analyser | Frequency Shifter 57N14
3-D. Traversing System 540%540+540 mm
Table 3 Specification of optical setup of

3-dimensional LDA system

Item Specification
BSAl BSA2 BSA3
Calibration Factor, Cp
[m/s/MHz] 8.824 3.369 8.172
5145 488 476.5
Wavelength, 4 [nm] (Green) | (Blue) | (Violet)
Beam Separation, 70 70 70
[mm]
Focal Length, [mm) 1200 1200 1200
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Table 4 Specification of a small-sized axial fan
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